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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes to study enhancements to the CSI measurement and reporting. The WID scope includes the following objectives on CSI enhancements:

	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
[…]
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· […]
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32




The WID has outlined two specific deployment scenarios for study: High Doppler, and Coherent Joint Transmission (C-JT). In the first meeting of Rel-18 [2], the discussion kicked off for this AI. In this contribution, we provide our views on Type-II codebook enhancements for these two scenarios. 

2. BACKGROUND
For Rel-18, the WID is focused on CSI enhancements to the Type-II codebook. NR Rel-17 supports two types of codebooks, i.e., Type-I and Type-II codebooks. Type-I codebook is mainly designed for single-user multiple-input-multiple-output (SU-MIMO), whereas the motivation behind Type-II codebook is multi-user (MU-MIMO) operation. The structure of both codebooks, i.e., Type-I and Type-II codebooks in matrix form is as . For both codebooks, the wideband channel state information (CSI) is contained in , whereas the subband CSI is captured in . NR supports two variants of the Type-II codebook that are supported in Rel-17. The first variant enables the UE to report multiple spatial basis vectors and linear combination coefficients from a set of quantized codebooks to approximate the channel matrix and can support up to two-layer transmissions. The second variant, an enhanced version of the Type-II codebook named Enhanced Type-II (eType-II) codebook, was introduced in Rel. 16. In eType-II codebook, the maximum number of supported layers is increased to four. To prevent excessive growth of UCI payload size, a frequency domain compression of  information is introduced.
However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of subbands. The issue is exacerbated with the Rel-18 scenarios as the number of reports increases with High Doppler, and the number of TRPs increases for C-JT.

3. HIGH DOPPLER ENHANCEMENTS
Rel-18 MIMO work aims at enhancing CSI for UEs moving with high/medium velocity. Particularly, Rel-18 aims at using time/Doppler domain information to assist downlink (DL) Type-II precoding. For a medium/high velocity scenario, the CSI application windows can be chosen such that the spatial domain (SD) bases and the frequency domain (FD) bases remains the same throughout the window, but the co-phasing coefficients changes several times. Assuming fixed SD and FD bases, with time varying co-phasing coefficients the existing precoder structure of Rel-16/17 changes from  to a time series of precoders, i.e., , where ,  is the number of precoding matrix indicators (PMIs). Since the payload size of a Type-II CSI report is dominated by , reporting a time-series of precoders, i.e.,  PMIs for fixed  and  will generate massive feedback overhead. 
In this section, we present our views on high Doppler codebook structure, CSI measurement and reporting window, time-domain channel properties (TDCP) report, and the type of parameter to be reported in a TRS-based TDCP reporting. 

High Doppler codebook structure
	The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.



In our view, Alt3 is a simpler solution as compared to Alt1 and Alt2, as it requires minimal specification efforts and is align with the precoder structure in Rel-17. In our understanding, the codebook structures in Alt1A and Alt2A are equivalent. Among the two, Alt2A is preferable due to its close resemblance to Rel-16/17 codebooks and to some extent to Alt3. 
Consider the codebook structure in Alt2A, i.e., , where  is the Doppler domain compression matrix and  is the number of orthogonal bases for Doppler-domain compression. Now, the precoder in Alt2A for  PMIs can be rewritten as
		
where, as a result of Doppler-domain compression, the number of  matrices is reduced from  to . If Doppler-domain compression is removed from the codebook structure in Alt2A by replacing  by an identity matrix , which is a special case of Alt2A, the precoder in Alt2A becomes
	
which is equivalent to Alt3. For when , the following can be concluded,

· The number of  matrices in Alt3 is higher than in Alt2A  
· The precoder structure is aligned with Rel-16/17 codebook structure

In terms of specification efforts, it is easier to go with Alt3, whereas in terms of feedback overhead, Alt2A is preferable. However, the preference of Alt2A over Alt3 in terms of feedback overhead is clear only when  is large, in which case significant performance degradation are also expected. For example, when  and , then instead of 2 PMIs, UE reports 1 PMI in a report which reduces feedback overhead but also leads to performance degradation. In our view, if the feedback overhead for Alt3 can be further reduced by tolerating a little performance degradation, it will make Alt3 a much easier and more efficient solution. For example, feedback overhead in Alt3 can be reduced by reducing the number of non-zero coefficients  which can be achieved by introducing new frequency domain compression parameters, i.e.,  and  configured using paramCombination-r17. For instance, when using Alt3 for the case of  PMIs, if the number of  can be reduced by half using frequency domain compression parameters, then Alt2A and Alt3 will demand similar feedback overhead. Therefore, in our view, compared to Alt1 and Alt2, Alt3 is a simpler solution. 

Observation 1:  CSI reporting structure for Rel-18 high Doppler scenario is based on multiple reporting of  for fixed  and .

Proposal 1: Support Alt3 as the codebook structure. 

CSI measurement and reporting window
	On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A:  l + WCSI –1 ≤ nref
· Alt1.B:  l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resourceFFS: whether/how the CSI measurement window and reporting window are configured.



[bookmark: _Hlk101909975]Based on the recent agreement [2], following terminologies are defined to characterise timing relationship between CSI measurement, report, and application. 
· A CSI report is assumed in slot n
· CSI-RS measurement window is defined as [k, k+Wmeas –1], where k is a slot index and Wmeas is the measurement window length (in slots)
· CSI reporting window is denoted as [l, l+WCSI –1], associated to the CSI report in slot n, where l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain is denoted as nref (slot index)

In our view, UE side prediction is preferable. UE side prediction is more accurate due to the available non-quantized CSI at the UE, whereas prediction at gNB is less accurate as the available CSI at gNB is quantized and also could be more outdate. Therefore, from the list of alternatives, we do not support any of alternatives Alt1/2/3.A.
 Moreover, according to alternatives Alt1/2/3.C, both UE and gNB side prediction can be supported. Again, in our view, there is no compelling reason to support any of these alternatives, as it still leads to an increase in the complexity of UE for implementation of a prediction mechanism, but yet it enables the use of a less accurate gNB-based prediction for some portion of the application window. Therefore, Alt1/2/3.C should be discarded as well. 
All alternatives captured under Alt1/2/3.B support some form of UE-based prediction. The main difference between the alternatives is where the start of the CSI reporting window should be. In our view, Alt1.B seems like a more comprehensive solution, as it can be configured to function as Alt2.B as well. 

Observation 2: Alt1.B requires less specification efforts and allows UE side prediction, which is more accurate as compared to prediction at gNB.

Proposal 2: Support Alt1.B to enable UE side prediction

TRS-based TDCP reporting
	The work scope of TRS-based TDCP reporting includes down selection from the following TDCP reporting formats:
· Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
· Note: This doesn’t preclude multiplexing with other UCI parameters (e.g. CSI, ACK, SR, …) on PUCCH/PUSCH, if applicable
· Alt2. Inter-dependent and reported with other CSI parameter(s)



In Rel-18 high Doppler scenario, a TDCP report is intended to depict a relatively longer-term behaviour of the channel. Therefore, a TDCP report can be used to assist gNB in proper configuration of CSI-related parameters such as CSI measurement window, periodicity, etc. In a Type-II CSI report, the contents of the report are dominated by the co-phasing coefficients, i.e., the subband amplitude and subband phase coefficients. The subband coefficients changes at a much faster rate as compared to long term channel information. Moreover, the reporting periodicity of a TDCP report can be much higher than the periodicity of reporting co-phasing coefficients. For example, Doppler spread changes much slowly over time as compared to co-phasing coefficients and therefore its reporting may not be so frequent. Therefore, it does not make sense to link a TDCP parameter with other CSI/UCI parameters.

Observation 3: Parameters of a TDCP report are independent of other CSI/UCI parameters.

Proposal 3: Support Alt1; stand-alone TDCP reporting with no inter-dependence with other CSI/UCI parameters.

TDCP parameters
	The work scope of TRS-based TDCP reporting includes down selection from the following TDCP parameters:
· Alt1. Doppler shift
· Alt2. Doppler spread
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance



In our understanding, the main motivation for TDCP report is to have a correct configuration of CSI process that corresponds to the time variation of the wireless channel. Whether such information will be also used to assist channel prediction at gNB depends on the agreements on codebook structure and CSI reporting and measurement window. In our view, the agreements on TRS-based TDCP reporting and TDCP parameters are inter-related with the agreement on codebook structure and CSI reporting and measurement window. For instance, if Alt3 is agreed as codebook structure, which does not use any Doppler-domain compression and purely relies on the legacy, and Alt1.B is chosen as CSI reporting and measurement window, which only allows UE side prediction, then there might not be a need of TRS-based TDCP reporting other than timing/frequency synchronization. Since our preference for CSI measurement is Alt1.B, therefore a simple report of Doppler shift is sufficient as the content of TDCP report.

Observation 4: The main motivation for TDCP report is to have a correct configuration of CSI process that corresponds the time variation of the wireless channel.

Proposal 4: Support Alt1. where TDCP report includes Doppler shift. 

4. C-JT ENHANCEMENTS

Prioritization of Port Selection (PS) codebook 
	The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two



As a general principle, we prefer to avoid widening the scope of the AI too much. Since C-JT has not been specified before, our current efforts should concentrate on providing enhancements to the baseline Type-II codebook. Further enhancements to other versions of Type-II can be studied once the baseline is specified and functional. Moreover, the Type-II codebook targets UEs with advanced capabilities of channel estimation and reporting, which are not currently massively used in deployments. There is no urgency to work on all variants of Type-II at once from the beginning. With this in mind, we think Rel-16 eType-II codebook should be taken as the baseline Type-II scheme for R18 enhancements to support CJT and should be prioritized in our discussions. 

Observation 5: CJT is a new feature to standardize, and its enhancements should be studied for a baseline Type-II codebook first.
 
Proposal 5: Prioritize enhancements to Rel-16 eType-II regular codebook.

Size of C-JT CSI measurement and reporting set
	The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting):
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· [bookmark: _Hlk104479074]Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported



The initial AI description stated that the intention is to study up to 4 TRPs coordinating for CJT. However, this statement is open to multiple interpretations depending on which TRPs the UE measures, and which TRPs are used for sending the PDSCH in JT. We should first come to a common understanding of what the limit of 4 refers to. 
We distinguish two different sets as “measurement set”, and “coordinating set”. The measurement set consists of TRPs which transmit reference signals (RS) for the UE to measure a channel estimate.  This can represent a broad set of TRPs to give the UE multiple options for optimal CJT reception. The set of TRPs depends on network deployment setup and configuration so the set remains relatively fixed over time. In our view, NTRP determines the size of the measurement set, which is determined by the network and signalled to the UE. 

Observation 6: The network determines which TRPs are configured for C-JT based on the deployment setup.
 
Proposal 6: NTRP is a higher-layer signaled set of TRPs for CSI measurements.

As for the size of the measurement set, the AI aims to support multiple FR1 cases and it’s FFS whether more than 2 TRPs are supported. Using more TRPs gives the network options to spread out the antenna ports over multiple physical locations that can increase coverage to a UE. For example, using ports in 4 TRPs gives 4 different links to a UE which increases the chance that more than one link has a good channel condition. Moreover, using a large selection of TRP locations benefits the UE’s choice of optimal TRP pairs for CJT. With only 2 TRPs, there is only one pair possible for CJT, while with 4 TRPs there are 6 pairs, 4 3-tuples, and 1 4-tuple of TRPs to choose from.  Therefore, in our view this AI should focus on a measurement set size that can be up to NTRP = 4 TRP.

Observation 7: Spatial diversity and number of optimal CJT pairs increases with a larger value of NTRP.

Proposal 7: Do not restrict NTRP to only 1 or 2. 

NTRP is RRC configured and limits the measurement size; however, it does not imply that all TRPs in the measurement set will always be used for CJT. A UE has a choice of which subset of TRPs offers the best CJT performance which could be any number from 2 or 4. Optimal TRPs for CJT are expected to change over time due to UE position, channel conditions, and other dynamic considerations (e.g. network scheduling restrictions) thus the coordinating set should be able to change dynamically over time. In addition to CJT, the network has to consider other transmission hypothesis which are based on UE feedback such as sTRP transmission. UE can generate multiple CSI reports with different hypothesis based on different CMR and IMR configurations, and Rel-17 introduced enhancements to the CSI procedure to enable a UE to report multiple measurement hypothesis in a single CSI report. Therefore, we think a UE should not be restricted to feedback the number of hypothesis to a fix RRC configured N. Instead, the UE determines which K hypothesis to report. 

Observation 8: The selection of optimal hypotheses in the CSI report depends on UE signal quality measurements.
 
Proposal 8: Support “Alt3 The UE reports CSI corresponding to K transmission hypotheses” with the following details
· A UE reports one or more CSIs based on measurement hypotheses from a subset of N TRPs from the set of NTRP.
· A UE is configured with a CSI report for C-JT, and a UE determines the K hypotheses to report. 

CMR resource configuration for C-JT
	The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options



To enable CJT precoding, a UE must measure CSI from more than one TRP and generate a CSI report. Last meeting, two options were proposed for downselection with respect to CMR configuration. 
Opt1 uses one CMR with multiple port groups defined. One CMR contains subsets of ports organized into port groups where each port group is associated to a TRP. The CMR is therefore jointly sent from multiple TRPs. Compared to option 2, this option may provide a more representative channel estimate of the CJT channel since the ports are jointly sent which captures the inter-TRP co-phasing. However, this option requires specification impact because it introduces the concept of port groups to CMRs. One significant impact is the support for multiple TCI states per CMR and the association to port groups. 
Opt2 uses one CMR per TRP and is supported with existing specification by configuring multiple CMR sets associated to different TRPs. UE can report sTRP or CJT assumptions by selecting single CMR or CMR pairs from different groups which is a similar behaviour to Rel-17 NC-JT CSI reporting. Opt2 has benefits in the multiple hypothesis case since a UE generates different CSIs based on the per TRP CMR. Resource overhead per RB can be reduced since the ports can be spread out over different time instances with different periodicity. One issue with Opt2 is that the total number of ports could exceed 32, and a PMI codebook for more than 32 ports does not exist in the specification. Then, one simple constraint is to limit the total number of aggregated ports across CMRs used for C-JT to not exceed 32. 

Observation 9: The total number of ports over all CJT TRPs is constrained by the specified codebooks which are limited to 32 antenna ports.
 
Proposal 9: Support Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs) with the following constraint:
· Limit the maximum number of ports to 32 across all resources.

C-JT codebook structure 
	The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 


·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


On the spatial-domain (SD) and frequency-domain (FD) basis design for the Rel-16 Type-II codebook refinement for CJT mTRP, down-select from the following alternatives:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
· Alt2 (joint, DFT): joint SD-FD DFT-based basis
· FFS: Details on DFT parameters, e.g. length, oversampling (if any), rotation (if any)
· Alt3 (joint, eigenvector): joint SD-FD eigenvector-based basis 
· FFS: eigenvector codebook design, parametrization
· Alt4 (separate, eigenvector): SD basis and FD basis are separate, using eigenvector-based basis 
FFS: eigenvector codebook design, parameterization



	The next FFS relates to the Type-II codebook structure. Since CJT has not been specified yet, new codebook structure needs to be introduced to accurately capture the CJT channel. Compared to existing codebooks, the inter-TRP co-phasing is an additional channel information that needs to be captured. One constraint to keep in mind is the feedback overhead because Type-II demands many bits to capture all the parameters, and the overhead increases with the number of TRPs and hypotheses. We discuss the different proposed alternatives.

	In Alt1A, the UE measures and captures the CSI per TRP independently from other TRPs. Spatial and frequency domain basis are determined per TRP, and the W2 combining matrix is reported per TRP. The inter-TRP co-phasing is explicitly reported as well per TRP. It is a straightforward extension that requires specification work to introduce co-phasing/co-amplitude parameters. UE includes additional bits to indicate the co-phasing/co-amplitude parameters taken from a codebook of quantized values. The values could be taken from existing codebook from the specification (e.g. QPSK or 8PSK). This alternative supports different resolutions in space and frequency basis selection per TRP which can be helpful to reduce feedback overhead (e.g. lower resolution for UE-TRP1 link compared to UE-TRP2 link).
	Alt1B operates similarly to Alt1A on a per TRP basis with explicit inter-TRP co-phasing/co-amplitude reporting, except the FD and SD basis are not separate but jointly determined. The UE measures the CSI per TRP using for example a 2D-DFT basis to jointly compress the channel in frequency and spatial domain. The joint compression could lead to some compression gain since both dimensions are considered together; however, it’s not clear how much reduction is expected. Since the joint FD-SD basis requires specification impact to agree on a new basis design, the expected compression gains should be sufficient to justify the additional spec work to define new PMIs. 
 
Alt2 uses an aggregated W1 channel matrix with a block-diagonal structure, where each diagonal block consists of an individual TRP’s spatial basis W1 matrix. The W2 and FD compression are done over the aggregated W1. This type of structure should provide a more accurate precoder for JT because the co-phasing/co-amplitude elements are implicitly captured by the joint precoder selection instead of reported as quantized versions. The aggregated W1 provides a direct representation of the effective CJT channel so the W2 and FD compression can accurately capture the effective channel’s characteristics (e.g., co-phasing, delay spread). 

Regarding the basis design, our preference is to minimize the specification impact and to reuse the existing design as much as possible. Although we understand that joint basis selection, and eigenvector-based basis solutions could provide some compression benefit, it’s not clear if the gains justify the additional work. For eigenvector-based basis, it requires a completely new codebook. Form our understanding, eigenvector basis requires a variable codebook that the UE updates based on the measured covariance matrix over time. Eigenvector can provide better accuracy than DFT, but only if the codebook is updated frequently to match channel variations. The added overhead to support this may not be worth the gains over the DFT basis. Our preference is that DFT basis from Rel-16 are fully reused as a baseline and separately for SD and FD basis.

Observation 10: Eigenvector-based basis solutions require substantial standardization effort and reporting overhead.
 
Proposal 10: Support the following codebook design for Rel-18 CJT:
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

C-JT codebook parametrization 
	On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator



C-JT codebook parametrization has an impact on the overall feedback overhead. The amount of feedback bits depends on the number of basis reported per TRP for SD and FD which affects how many coefficients are reported. Since Type-II requires many bits for a single TRP, this is an area of optimization that should be enhanced to limit the feedback overhead increase as the number of TRPs is increased. 
Firstly, by using the Alt2. codebook structure, the joint FD compression saves some overhead for reporting the FD basis since the aggregated channel is compressed at once instead of reporting per TRP FD basis and coefficients. Secondly, we can exploit the difference between UE-TRP links to save some overhead in the SD reporting. The SD resolution for basis and coefficients should be configured per TRP/TRP group such that a UE may report CSI with different L values depending on the TRP/TRP group. Moreover, in some limited cases, the same basis vectors and indices can be shared for more than one TRP/TRP group to reduce even further the overhead. 
With multiple hypothesis reporting, the basis index should also be shared. For example, if a UE reports a CSI for sTRP hypothesis from TRP1 with L basis, then the same L basis or a subset of these L basis are reusable for reporting TRP1 feedback for a C-JT hypothesis. The resolution of the spatial basis matrices can be variable as a function of the number of TRPs in the UE’s reported hypothesis. For example, in Figure 1, for a same number of basis L, a UE generates CSI reports with different basis sets per TRP depending on the reporting hypothesis, and the number of coordinating TRPs. 



[bookmark: _Ref110440252]Figure 1 Spatial basis resolution as a function of hypothesis


Observation 11: The channel characteristics per UE-TRP link vary and may require different level of resolutions in spatial or frequency domain.
 
Proposal 11: We make the following proposals on the parametrization of the C-JT codebook:
· The number of basis vectors is configured per TRP-group, where one TRP-group can consist of more than one TRP. 
· Basis selection indicators are per TRP-group, where one TRP-group can consist of more than one TRP. 

5. CONCLUSION
In this contribution, we provided our views regarding CSI enhancements for Rel-18 MIMO. Based on the presented discussion, we make the following observations and proposals,

CSI Enhancements for High Doppler
Observation 1:  CSI reporting structure for Rel-18 high Doppler scenario is based on multiple reporting of  for fixed  and .

Observation 2: Alt1.B requires less specification efforts and allows UE side prediction, which is more accurate as compared to prediction at gNB.

Observation 3: Parameters of a TDCP report are independent of other CSI/UCI parameters.

Observation 4: The main motivation for TDCP report is to have a correct configuration of CSI process that corresponds the time variation of the wireless channel.

Proposal 1: Support Alt3 as the codebook structure. 

Proposal 2: Support Alt1.B to enable UE side prediction.

Proposal 3: Support Alt1; stand-alone TDCP reporting with no inter-dependence with other CSI/UCI parameters.

Proposal 4: Support Alt1. where TDCP report includes Doppler shift. 

CSI Enhancements for CJT
Observation 5: CJT is a new feature to standardize, and its enhancements should be studied for a baseline Type-II codebook first. 

Observation 6: The network determines which TRPs are configured for C-JT based on the deployment setup. 

Observation 7: Spatial diversity and number of optimal CJT pairs increases with a larger value of NTRP.

Observation 8: The selection of optimal hypotheses in the CSI report depends on UE signal quality measurements. 

Observation 9: The total number of ports over all CJT TRPs is constrained by the specified codebooks which are limited to 32 antenna ports. 

Observation 10: Eigenvector-based basis solutions require substantial standardization effort and reporting overhead. 

Observation 11: The channel characteristics per UE-TRP link vary and may require different level of resolutions in spatial or frequency domain. 

Proposal 5: Prioritize enhancements to Rel-16 eType-II regular codebook.

Proposal 6: NTRP is a higher-layer signaled set of TRPs for CSI measurements.

Proposal 7: Do not restrict NTRP to only 1 or 2.

Proposal 8: Support “Alt3 The UE reports CSI corresponding to K transmission hypotheses” with the following details
· A UE reports one or more CSIs based on measurement hypotheses from a subset of N TRPs from the set of NTRP.
· A UE is configured with a CSI report for C-JT, and a UE determines the K hypotheses to report. 

Proposal 9: Support Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs) with the following constraint:
· Limit the maximum number of ports to 32 across all resources.

Proposal 10: Support the following codebook design for Rel-18 CJT:
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

Proposal 11: We make the following proposals on the parametrization of the C-JT codebook:
· The number of basis vectors is configured per TRP-group, where one TRP-group can consist of more than one TRP. 
· Basis selection indicators are per TRP-group, where one TRP-group can consist of more than one TRP. 
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